The 'Hemocue' devicefor rapid estimation of haemoglobin concentration was evaluated in a clinical setting. Repeatable accuracy of capillary, venous and arterial samples was examined and then compared with standard laboratory venous haemoglobin estimates using a 'Coulter JT' analyser in 42 patients. The mean values for haemoglobin (g/l) and coefficient of variation were capillary 108.2 (8.0); venous 104.9 (2.2); arterial 1 05.9 (2.0); and laboratory venous 104.6 (1.3). Although the mean haemoglobin values were similar, capillary samples were significantly less repeatable than venous or arterial samples (Pit man test, P < 0.001). Comparison of variance between the laboratory sample and each sampling technique demonstrated that capillary samples were significantly more variable than venous or arterial samples. Peripheral skin temperature did not influence the accuracy of capillary samples. Hemocue estimations of venous samples were found to be as accurate as laboratory estimations. The lack of repeatable accuracy of capillary estimations was sufficiently large that their use cannot be recommended in clinical practice.
Increasing concern about the safety of blood transfusions has led to widespread use of haemoglobin estimations as a guide to transfusion requirements in patients suffering major blood loss. A portable device for measuring blood haemoglobin (Hb) concentration, the 'Hemocue' haemoglobinometer (Aktiebolaget Leo Diagnostics, Helsingborg, Sweden), provides rapid and convenient haemoglobin concentration assessment. It is claimed by the manufacturer to be suitable for Hb estimation using both capillary and venous samples. I It is in frequent use in operating theatres and intensive care units for this purpose. This device measures Hb by spectrophotometry using an optical measuring cuvette of small volume (10 Ill) and short light path. Blood is drawn into the cuvette cavity by capillary action and mixes with dry reagents deposited on the inner walls (sodium desoxycholate, sodium nitrite, sodium azide and sodium fluorescine), which haemolyse the red cells and convert the free Hb to azidemethaemoglobin. Transmitted light absorbance is measured at 565 and 880 nm and the concentration of haemoglobin calculated and displayed in either g/l or mmolll. The accuracy of this device is claimed by the manufacturer to be ± 3 g/l and studies have confirmed its accuracy to be acceptable in controlled clinical settings. 2 -4 Accuracy of Hb estimates are not markedly interfered with by sickle cells l or lipaemic samples. 5 The aims of this study were to test the repeatable accuracy of Hb estimations using the Hemocue haemoglobinometer under clinical conditions by comparing serial samples of capillary, venous and arterial blood and then comparing the accuracy of these samples with standard laboratory estimates of venous Hb. The influence of skin temperature on accuracy of capillary samples was also assessed. METHODS Forty-two intensive care unit patients were studied. Criteria for admission to the study were that patients had no haemoglobinopathy, blood dyscrasia or recent use of intravenous contrast medium, and already had an arterial cannula in situ for sampling. The study was approved by the Ethics Committee of the Chinese University of Hong Kong.
Arterial samples were obtained after first aspirating a 5 ml deadspace from an indwelling cannula. Venous samples were similarly obtained from a central venous catheter or directly from a large antecubital vein and capillary samples were obtained by finger prick using a standard disposable capillary lancet (Feather, Feather Corp., Tokyo, Japan). Blood samples from the venous and arterial sites were immediately drawn into a microcuvette for measurement with the Hemocue, and the remaining venous blood collected in EDT A-tubes for standard laboratory haemoglobin estimation using a Coulter Counter JT (Coulter Electronics Inc., Hialeah, Florida, U.S.A.). Samples were applied to the microcuvette by holding the syringe with its nozzle pointing downwards and allowing a drop of blood to be drawn into the microcuvette. This procedure was repeated to obtain a second Hb estimate.
The initial capillary blood sample was taken by lancing a finger-tip, wiping off the first drop of blood to emerge and then applying the microcuvette directly to the second drop of blood, in accordance with the manufacturer's recommendation. The second drop of blood was wiped off and a second sample taken from the third drop of blood to emerge. The three blood samples were taken over a maximum period of three minutes in random order according to a table of random numbers. All Hemocue Hb estimations were performed within three minutes of sampling. The same investigator (PPC) took all samples. The skin temperature of the finger at the site of capillary sampling and rectal temperature were recorded. All haemoglobin estimations were measured by the same Hemocue haemoglobinometer which had undergone three-point calibration prior to commencement of the study. One-point calibration was performed prior to each use and all cuvettes were inspected after filling to ensure there were no air bubbles in the light path.
Statistics
Repeatable accuracy of each of the three methods of estimation using the Hemocue was examined by calculating the variance of the differences between the paired samples and then comparing the respective variances using the Pitman test. 6 The Pitman test assumes that both variances are unknown, but that they are correlated, which was the case since variances were from the same samples. Coefficient of variation was also estimated for each of the three methods. Comparison of the respective sampling techniques with the venous Coulter JT estimates was made by calculating the variance of the Coulter JT and then comparing this value with the respective Hemocue variances using a Chi-square test; the null hypothesis states that if there was no difference between the variance of the Coulter JT and the variance of the Hemocue, the ratio of the variances should be distributed as a Chi-square variable. 6 The Chi-square test assumes one of the variances is known, which was the case for the Coulter Counter where large samples had been tested repeatedly by the laboratory.
For the purpose of graphical display of the data, the sum and difference between readings was graphed and the limits that cover 95% of the differences, assuming these differences are normally distributed, displayed. 7 For all statistical tests, a value of P < 0.05 was considered significant. 
RESULTS
Forty-two patients aged between 10 and 77 years and with venous Hb levels between 66 and 135 gll were studied. Results of comparisons of paired capillary, venous and arterial samples using the Hemocue are listed in Table I the samples on comparison of group means. The graph of sum of difference between readings confirms the high variability of the capillary samples, with 16% of the differences between readings being more than ± 10 gll different ( Figure   1 ). No venous or arterial differences were this large.
The coefficients of variation for the Hemocue and Coulter JT were similar for venous samples (2.2 and 1.3 respectively) . Comparison of the variance of the Coulter JT measurement with the respective Hemocue estimates revealed a significant difference for capillary samples (P < 0.05), but not for venous or arterial estimates. Comparisons between the sum of the difference between capillary, venous or arterial estimates using the Hemocue with the Coulter JT estimates and the mean of the two estimates are displayed in Figure 2 .
The inaccuracy of capillary samples was not a result of peripheral skin temperature. Although 14 patients had a peripheral skin temperature less than core temperature by more than 5OC, a similar degree of variability was found to those with no difference in peripheral and core temperature. DISCUSSION In the present study, the accuracy and repeatable accuracy of Hb estimations using the Hemocue haemoglobinometer were tested in a clinical setting. The Hemocue was found to give highly repeatable results when Hb estimates were made using either venous or arterial samples. However, capillary estimates were found to be significantly less repeatable. Sixteen per cent of the paired capillary estimates varied by more than 10 gll from each other.
The coefficient of variation for venous Hb estimations using the Hemocue was similar to the coefficient of variation of the Coulter JT used by the hospital laboratory. Since the means and variances were similar, neither device could be considered to be a 'gold standard', so the accuracy of the methods was compared by a comparison of variance. The differences between Coulter JT and capillary samples were significantly greater than for venous or arterial samples. The degree of inaccuracy found in the capillary Hb estimations using the Hemocue cuvette was sufficiently large that capillary sampling cannot be recommended as a guide to blood transfusion requirements in clinical practice.
Past studies have also found the Hemocue haemoglobinometer to have acceptable accuracy when compared with standard laboratory esti-mates. 2 -4 Nonetheless, two of these studies did not test the accuracy of the capillary sampling per se, but rather compared simultaneous Hemocue and laboratory estimates for either capillary or venous samples. 2 , 3 The third study found an acceptable degree of correlation between capillary Hemocue and venous readings using a Hemalog haemoglobinometer on a sample of 165 readings. 4 Unfortunately the use of a correlation coefficient, rather than comparing variability between the two techniques in a large sample, led to the erroneous conclusion that accuracy of the capillary samples was acceptable. 7 A similar conclusion was also reached in a study of the accuracy of capillary Hb estimates when compared with venous estimates, but no comment was made on the wide range of differences between the two estimates found (-9% to + 10%).8
In summary, the Hemocue haemoglobinometer had an acceptable accuracy when arterial and venous blood samples were assessed, which was equivalent to that of laboratory estimates using a Coulter JT analyser. Capillary sampling was found to suffer from a lack of repeatable accuracy. Peripheral skin temperature did not influence the repeatable accuracy of capillary samples. The degree of inaccuracy was such that use of capillary samples for Hb estimation using the Hemocue cannot be recommended in clinical practice.
